ABSTRACT: Boulders are an important substrate for Baltic Sea benthic communities. Although previous studies have examined benthic species on sublittoral boulders in the Baltic Sea, information on benthic assemblages and how they vary in relation to structuring factors is limited. The aim of the present study was to describe the benthic communities, including both algae and animal taxa, on sublittoral boulders in relation to spatial positions on the boulders (4 levels) and differences in wave exposure (2 levels). The multivariate results, including 29 algae and 25 animal taxa, from the field sampling showed a significant interaction between the 2 main factors. Changes in the biomass of both annual an perennial macroalgae as well as Mytilus edulis and Balanus improvisus, were found among different positions on wave-exposed boulders, a pattern which was less clear on boulders from sheltered sites, showing that water movement influences small-scale spatial patterns on sublittoral boulders. Apart from water movement, the physical factors substrate slope and light intensity were also associated with the small-scale patterns found in benthic communities. The difference in these factors may influence both settlement and post-settlement processes for both algae and animals, and possible mechanisms leading to the patterns found are discussed.
INTRODUCTION
The Baltic Sea has large shallow coastal and archipelago areas dominated by phytobenthic and associated zoobenthic communities (Kautsky & Kautsky 1996) . These communities have, in comparison to fully marine environments, a low biodiversity (Ojaveer et al. 2010) and are less structured by biotic interactions, e.g. predation (Kautsky 1981) . On a large scale, e.g. within an archipelago, these benthic communities are mainly structured by the physical factors light, water movement and type of substrate (Kautsky & van der Maarel 1990 , Eriksson & Bergström 2005 . Several factors determine the light reaching the substrate, e.g. the depth, dissolved and suspended matter and the shading by algae and/or boulders, as well as the slope and orientation of the substrate. The substrate type leads to different benthic plant and animal communities (Kautsky 1988 (Kautsky , 1989 (Kautsky , 1995 . The sediment-living animals and rooted plants are restricted to more fine-grained substrates, whereas most macroalgal species need hard substrate, such as rocks or boulders.
In the Baltic Sea, due to the geology of the area, boulders are a common substrate in shallow sublittoral communities (Waern 1952 , Hällfors et al. 1981 . Several authors have studied the species distribution on sublittoral boulders in the Baltic Sea. Differences in the distribution of macroalgae on surfaces with different slopes were discussed by Waern (1952) in the Åland Sea. At the Lithuanian coast, the distribution of Furcellaria lumbricalis on sublittoral boulders was studied by Bučas et al. (2007) . Gilek et al. (2001) studied the spatial pattern of Mytilus edulis on sublittoral boulders in a wave-exposed part of the Askö area (northern Baltic proper), and assemblages of macrofauna associated with rocks were investigated in the Gulf of Gdansk by Grzelak & Kuklinski (2010) . Furthermore, previous studies indicate a spatial pattern of benthic algae and animals on sublittoral boulders (Kautsky 1989 , Gilek et al. 2001 ), but to our knowledge no study has described the community composition or the small-scale patterns of occurrence for the whole macrobenthic community (including both macroalgae and animals) on sublittoral boulders in the Baltic Sea. The aim of the present study was, therefore, to describe the benthic plant and animal community composition, on a small scale, on sublittoral boulders in the Baltic Sea in relation to different positions on boulders and in relation to different degrees of wave exposure.
MATERIALS AND METHODS
The study was carried out in June 2004 in the Askö area, in the northern Baltic proper (Fig. 1) . The salinity in this area is relatively constant at around 7. During the winter months the watersurface temperature is ~0°C, while in July to August the temperature may exceed 20°C.
On each of 3 wave-exposed (Sites 1 to 3) and 3 sheltered sites (Sites 4 to 6) ( Fig. 1 ) 3 randomly selected boulders were sampled.
All the sites are located in a sparsely populated area. There is no freshwater or sewage water outflow close to any of the sites, and they are homogenous in salinity. The sites were chosen on a marine chart of the area. To determine the degree of wave exposure, a model developed by Isaeus (2004) , based on effective fetch, wind direction and wind force, was used. The 3 wave-exposed boulders, which are open to waves from the south (the dominating wind direction), are all homogenous in wave exposure, as are the 3 sheltered sites, all being protected by islands, rocky islets and shallow areas. The sampled boulders were all at 4.5 to 5.8 m depth, and their heights were between 0.7 and 1.1 m. The substrate slope on the boulder sides ranged from 60° to 100°, and the substrate slope on the top of the boulder ranged from 10° to 45°. The samples were collected from the boulder sides facing northward (between the compass directions of 315°a nd 45°). (1 to 3 are wave-exposed sites; 4 to 6 are sheltered sites) Quantitative samples were collected from the 18 boulders using SCUBA diving. On each boulder, a stratified sampling strategy was applied. The boulders were sampled in 4 given positions (levels of boulders):
(1) at the lower part (10 to 15 cm above the sea floor) of the boulder side (position 'lower'), (2) at a middle part (25 to 35 cm above the sea floor) of the boulder side (position 'middle'), (3) at the upper 10 to 15 cm of the boulder side (position 'upper') and (4) on the top of the boulder (position 'horizontal').
In each position 3 random samples were taken. This was done using square frames of 7 cm side lengths with a nylon bag (mesh size < 0.5 mm) replacing 1 side. The samples were scraped into the bag using a putty knife. For each sample, the distance to the seafloor and the slope of the substrate were measured using a ruler and a protractor. After the boulders were sampled, duplicate light measurements were performed at every position using a Li-192SA underwater quantum sensor and a Li1000 data logger. The height, width and depth of the boulder were also measured using a ruler and a depth gauge.
The samples of algae and animals (>1 mm) were frozen and later sorted according to taxa (Table 1) . Mytilus edulis was sorted into 3 different size classes: small (< 5 mm), medium (5 to 10 mm) and large (>10 mm). The different taxa of both the algae and the animals were dried at 60°C to constant dry weight (including shells when present). Before being dried, the numbers of individuals in the 3 size classes of M. edulis were also counted.
To obtain a representative sample from each position, the 3 parallel samples on each boulder were pooled. Prior to the multivariate statistical analyses, the data were square-root transformed. This was done in order to lower the difference in biomass between the more and the less dominating taxa, thus obtaining a better analysis of the community composition and its change in stead of an analysis primarily of the most dominating taxa. The data were analysed using the statistical software PRIMER-E 6.1 and PERM ANOVA 1.0.2. The effect of the 2 main factors, position (4 levels) and wave exposure (2 levels), on the multivariate matrix of algal and animal biomasses was tested using a 2-way crossed multivariate PER-MANOVA test (An derson et al. 2008 ) and by using non-metric multidimensional scaling (nMDS).
To test the homogeneity in multivariate dispersions among groups, PERM DISP tests were carried out (Anderson et al. 2008) . To examine which taxa were most responsible for differences between levels of position and wave exposure, SIMPER tests were carried out (Clarke & Warwick 2001) . The differences among positions in the total biomass, subdivided into the categories perennial macroalgae, annu al macroalgae, Balanus improvisus, Mytilus edulis and other animals, were also ana lysed using nested PERM ANOVA tests. Since previous analyses tested the differences between wave-exposed and sheltered sites, separate tests were carried out for these 2 groups. To further test what/ which combination of abiotic factor(s) were best associated with the benthic community on the boulders, a stepwise BVSTEP test using Spearman's rank correlation (r s ) method was used (Clarke & Warwick 2001) . In this test, the 6 abiotic factors wave exposure (Isaeus 2004) , substrate slope, sample depth, relative light extinction, boulder size and geographic orientation were normalised and the Euclidian distance similarity was used. For the biotic data, Bray-Curtis similarity was used in the ordination, the PERMANOVA test and the BVSTEP analysis. The differences in the numbers of individuals of Mytilus edulis of different size classes obtained from the different positions on sheltered and wave-exposed boulders were analysed using nested PERMANOVA tests.
RESULTS
A total of 55 taxa were found on boulders, including 29 algal and 25 animal taxa, as well as 1 taxon of colony-forming cyanobacteria (Table 1) ; 19 of the algae and 22 of the animal taxa were found at both wave-exposed and sheltered sites ( Table 1) .
The main factors examined, wave exposure and position, had an interactive effect on the biomass of the benthic community of algal and animal taxa on the sublittoral boulders (Fig. 2, Table 2 ). A small-scale pattern in the benthic community was found on the sublittoral boulders, although the difference among positions depended on wave exposure, being more pronounced on wave-exposed compared to sheltered boulders (Fig. 2, Table 2 ). At both the wave-exposed and sheltered sites, the benthic community in a horizontal position on the boulders was significantly different from that on the sides of boulders (Fig. 2, Table 2 ). On the wave-exposed boulders, the community in the upper position was also significantly different from the communities in the middle and lower positions (Fig. 2 , Table 2 ). No difference was found between the middle and lower positions on wave-exposed boulders (Fig. 2 , Table 2 ). On the sheltered boulders, no dif ferences were found among the upper, middle and lower positions (Fig. 2, Table 2 ). The positions on wave-exposed boulders were all significantly different from the corresponding positions on sheltered boulders ( Table 2) .
The 2 groups of perennial and annual macroalgae, together with the species Mytilus edulis and Balanus improvisus, were responsible for most of the differences found between the wave-exposed and sheltered Aquat Biol 12: 119-128, 2011 122 2D Stress: 0.13 The overall mean biomass of macroalgae was higher on wave-exposed compared to sheltered boulders, and the taxa composition differed. The red algae Furcellaria lumbricalis and Ceramium tenuicorne dominated at wave-exposed sites, whereas the brown algae Pylaiella littoralis (mingled with Ectocarpus siliculosus) and Spha celaria arctica, as well as the red alga Polysiphonia fucoides dominated the sheltered sites (Table 1 ). The red algae Ceramium virgatum and Phyllophora pseudoceranoides were more abundant at the wave-exposed compared to the sheltered sites ( Table 1 ). The brown algae Fucus vesiculosus and Stictyosiphon tortilis and the red alga Polysiphonia fibrillosa were more abundant at the sheltered sites, but, overall, they had a low biomass on the boulders (Table 1 ). Both M. edulis and B. improvisus had higher mean biomasses in all the 4 pre-defined positions at wave-exposed sites when compared to sheltered sites (Fig. 3) . The remaining animal biomass at both the wave-exposed and sheltered sites was mainly Hydrobia spp., Cerastoderma glaucum/ Parvicardium hauniense, Theodoxus fluviatilis and Gammarus spp. The mollusc Hydrobia spp. had a higher biomass at the sheltered sites, whereas C. glaucum/ P. hauniense, T. fluviatilis and Gammarus spp. had higher biomasses at the wave-exposed sites (Table 1 ). The less abundant taxa Idothea spp., Jaera albifrons spp. and Cordylophora spp. had higher biomass values at the wave-exposed sites (Table 1) . At the sheltered sites, the biomasses of the insect larvae Chironomidae spp. and the Trichoptera larvae Phryganea spp. were higher when compared to the values at the wave-exposed sites (Table 1) . On the wave-exposed boulders, the annual and perennial macroalgae, as well as the blue mussel Mytilus edulis, dominated in the horizontal position (Fig. 3) . The differences found between the horizontal and upper positions were characterized by a decrease in the biomass of the perennial macroalgae Furcellaria lumbricalis and Phyllophora pseudoceranoides (SIM-PER dissimilarity 15%), and of the annual macroalgae Cera mium tenuicorne and Pylaiella littoralis/Ectocarpus siliculosus (SIMPER dissimilarity 15%) as well as an increase in the biomass of M. edulis (SIMPER dissimilarity 22%) and Balanus improvisus (SIMPER dissimilarity 17%). A decrease in the biomass of M. edulis and the perennial macroalgae F. lumbricalis / P. pseudo ceranoides and an increase in the biomass of B. improvisus contributed most to the difference found between the upper and middle positions (SIMPER dissimilarity -M. edulis: 28%; B. improvisus: 17%; F. lumbricalis/ P. pseudoceranoides: 19%). Significantly higher biomasses of M. edulis and B. improvisus and lower biomass of annual macroalgae were found in the upper compared to the horizontal positions (Fig. 3 , Table 3 ). Significant lower biomasses of M. edulis and perennial macroalgae and higher biomass of B. improvisus were found at the middle compared to the upper positions (Fig. 3, Table 3 ). No difference was found between the middle and lower positions (Tables 2 & 3) . These 2 positions had the highest B. improvisus biomass, both significantly higher compared to the horizontal position (Fig. 3, Table 3 ). At the middle and lower positions the biomass of annual macroalgae were significantly lower compared to the horizontal position and the biomass of perennial macroalgae significantly lower compared to both the horizontal and upper positions (Fig. 3, Table 3 ). A higher biomass of other animals (other than M. edulis and B. improvisus) was found in the horizontal position compared to the upper, middle and lower positions (Fig. 3, Table 3 ). The highest number of individuals of M. edulis from all size classes were found in the horizontal and upper positions (Fig. 4) . Small M. edulis showed significantly higher numbers in the horizontal and upper positions compared to the lower and middle positions (Fig. 4 , Table 4 ). Although a higher mean number of mediumsized M. edulis was found in the horizontal and upper ) of annual macroalgae, perennial macroalgae, Balanus improvisus, Mytilus edulis and other animals are given. Note scale differences on the x-axes positions compared to the lower and middle positions, no significant differences were found (Fig. 4, Table 4 ). Large M. edulis had significantly higher numbers in the upper position compared to all other positions (Fig. 4, Table 4 ). No dif ferences in the numbers of any of the M. edulis size classes were found between the middle and lower positions (Fig. 4, Table 4 ). At the sheltered sites, the horizontal position showed a generally higher biomass of annual macroalgae; especially Ceramium tenuicorne, Pylaiella littoralis/ Ectocarpus siliculosus and Polysiphonia fibrillosa contributed to the differences in biomass compared to the upper, middle and lower positions (SIMPER mean dissimilarity: 15%). The mean biomass values of Mytilus edulis and Balanus improvisus were lower in the horizontal position compared to the positions on the sides of the boulder, which also contributed to the differences found (SIMPER mean dissimilarity -M. edulis 11%, B. im provisus 18%). The total biomass of annual macroalgae was significantly higher in the horizontal position compared to both the upper and middle positions (Fig. 3, Table 3 ). The biomass of M. edulis was significantly lower in the horizontal position compared to both the lower and middle positions while a significantly lower biomass of B. improvisus was found in the horizontal compared to the middle position (Fig. 3 , Table 3 ). The other animals (other than M. edulis and B. improvisus) had a higher combined biomass in the horizontal position compared to the upper, middle and lower positions (Fig. 3, Table 3 ). No differences in the number of individuals for any of the M. edulis size classes were found among positions (Fig. 4, Table 4 ).
The combination of the 2 abiotic factors wave exposure and substrate slope were found to be best correlated with the benthic community on the boulders (BVSTEP, r s = 0.59, p = 0.01). When using only the macroalgae, the combination of the 2 factors wave exposure and light extinction were best correlated to the benthic community on the boulders (BVSTEP, r s = 0.56, p = 0.001).
DISCUSSION
In the present study, the algal and animal taxa found on boulders are mainly those species/taxa found in the wave-exposed and sheltered parts of the Askö area (Haage 1975 , Wallentinus 1979 , Kautsky 1989 , those associated with rocks in the Gulf of Gdansk (Grzelak & Kuklinski 2010 ) and also those found as fouling assemblages on offshore constructions in the central Baltic Sea , Wilhelmsson & Malm 2008 . Differences in the benthic community between artificial vertical structures and the surrounding natural substrates have been found in studies of bridge pillars and offshore wind turbines, the results of which have Table 3 . Statistical analyses testing the differences of dominating taxa among 4 positions of wave-exposed and sheltered boulders. The factor position (horizontal, upper, middle and lower) nested in taxa (Mytilus edulis, Balanus improvisus, annual macroalgae, perennial macroalgae and other animals) was tested in 2 separate PERMANOVA tests followed by PERMANOVA pairwise tests
PERMANOVA:
Exposed:
Sheltered:
Position ( been discussed in the context of, e.g., the depth, age and orientation of the substrate. Also, substrate structure seems to be an important factor separating community composition between artificial vertical fundaments and the surrounding substrate , Wilhelmsson & Malm 2008 . The community dominated by Mytilus edulis, found on the waveexposed vertical sides of boulders in the present study, is similar to the 'pier piling communities' that have previously been described on vertical constructions (Davis et al. 1982 , Wilhelmsson & Malm 2008 , while the communities dominated by both annual and perennial macroalgae, found mainly in horizontal positions, are similar to their surrounding environments (Wilhelmsson & Malm 2008) . The present study of benthic communities on sublittoral boulders shows that differences in benthic assemblage on horizontal compared to vertical substrates also occur on significantly smaller scales and that these small-scale patterns on sublittoral substrates are influenced by wave exposure. The substrate structure on the sampled boulders was similar, irrespective of position, indicating that other factors, e.g. light and substrate slope, may explain the observed differences in benthic community composition. In the study area, sheltered sites are generally located closer to the mainland compared to waveexposed sites. Due to logistic constraints, there is a clear geographical segregation between the exposed and the sheltered sites, which could suggest a possible confounding factor with differences in the effect of other abiotic or biological factors. Wave exposure is probably the main factor separating the benthic communities between the wave-exposed and sheltered sites in our study. The sites are homogenous in salinity and water temperature, and there is no freshwater outflow close to any of the sites. Furthermore, anthropo genic activity in the area is probably negligible. The area is very sparsely populated with scattered cabins, and there is no sewage outflow close to any of the sites. However, this geographical segregation was taken into ac count when the results were interpreted.
The difference in benthic com position between the wave-exposed and sheltered sites suggests that waveinduced water movement may be an important factor determining community composition, as well as the small-scale spatial patterns on the sublittoral boulders. There was a significant difference in the relative dominance of taxa between wave-exposed and sheltered sites. In general, the biomass values of algae, Mytilus edulis and Balanus improvisus were lower on the sheltered boulders compared to the wave-exposed boul- Table 4 . Mytilus edulis. Statistical analyses testing the differences of 3 size classes of M. edulis among 4 positions of waveexposed and sheltered boulders. The factor position (horizontal, upper, middle and lower) nested in size (large, medium and small) was tested in 2 separate PERMANOVA tests followed by PERMANOVA pairwise tests ders. Since water movement brings in nutrition and takes away waste (Dame 1996) , this may influence benthic community composition on the boulders. Furthermore, surface siltation has been found to be stressful to both filter feeders (Seed & Suchanek 1992 , Dame 1996 and macroalgae (Wallentinus 1976 , Eriksson 2002 , Berger et al. 2003 . Also, filamentous macroalgae may overgrow and negatively influence the underlying community by shading (Rohde et al. 2008) , causing anoxic conditions while decaying (Paalme et al. 2002) and impairing settling, recruitment and early survival of other species (Berger et al. 2003 , Råberg et al. 2005 , Qvarfordt 2006 ). Water movement keeps the substrate clean (Kautsky 1988 ) and more efficiently removes loosely attached macroalgae from the substrate at wave-exposed compared to sheltered locations, and may thereby influence the recruitment and growth of different benthic species. The biomass of macroalgae in vertical positions was 50% or less compared to that on the horizontal positions. The lower biomass of macroalgae in positions with higher slope may be due to conditions during settlement. In the Askö area, Qvarfordt (2006) found significant differences in settlement comparing different surface slopes with a break-point somewhere between 60° and 90°. However, S. Qvarfordt & H. Kautsky (un publ. data cited in Qvarfordt 2006 ) also found that several macroalgal species showed high settlement on vertical surfaces and overhangs and discussed that post-settlement processes must also be of importance. Possibly due to the light conditions, flat and gently sloping surfaces are more favourable environments for macro algal growth and survival than vertical walls (Witman & Dayton 2001) , as a result the biomass of macroalgae on a vertical surface may be only half or less that on a nearby horizontal substrate (Hiscock 1985) . Therefore, it is possible that, although the substrate slope on the boulders in the present study is of some importance in the initial settling stage, shading, as a post-settlement process, is important in determining the final macro algae distribution on the boulders.
Depending on the algal species and the settlement time of the mussel larvae, filamentous macroalgae can have both positive and negative effects on Mytilus edulis settlement, as was discussed by Littorin & Gilek (1999a) . Blue mussel M. edulis larvae prefer to settle in filamentous algae (Bayne 1964) . The high biomass of Ceramium tenuicorne on the horizontal top of the wave-exposed boulders could be structurally important for M. edulis settlement and may contribute to the high number of juvenile mussels found there. In contrast, at the sheltered sites, the lower biomass of M. edulis may be caused by the high biomass of loosely attached Pylaiella littoralis/Ectocarpus siliculosus. Since P. littoralis detach during the M. edulis settling season in June to July (Wallentinus 1979) , it could carry newly settled M. edulis larvae away from the boulders. Littorin & Gilek (1999a) also found a higher recruitment of M. edulis at 50 cm compared to 10 cm above the bottom, and discussed that this might create small-scale variability in M. edulis abundance.
Although juvenile Mytilus edulis seem to prefer algae when settling, as previously discussed, a high biomass of macroalgae may also have negative effects on mussel distribution, as indicated by the higher number of large mussels in the upper compared to the horizontal position on the wave-exposed boulders. This result may be due to macroalgal overgrowth. S. Qvarfordt & H. Kautsky (unpubl. data cited in Qvarfordt 2006) found that filter feeders in the area readily settled on horizontal surfaces, but they were overgrown by macroalgae. Competition between macroalgae and sessile invertebrates in the brackish Baltic Sea has also been discussed by Kautsky (1988) , who observed that macroalgae seemed to be the stronger competitors for space when light conditions were good and the substrate angle low. Similar patterns have also been described previously by other authors (e.g. Witman 1987 , Baynes 1999 , Witman & Dayton 2001 .
Blue mussel Mytilus edulis migration after settlement (Littorin & Gilek 1999b ) may also contribute to the high biomass of M. edulis on the upper sides of wave-exposed boulders. Gilek et al. (2001) , who found a similar M. edulis pattern on boulders in the area, suggested that mussel movement might be a behaviour associated with finding microhabitats of increased quality. In their study, Gilek et al. (2001) also found an increase in the feeding rate of M. edulis with increased height above the bottom. They explained this in part by better feeding conditions away from the bottom due to increased current speed (see also Fréchette et al. 1989) . The biomass distribution of M. edulis on waveexposed boulders suggests that the upper part of boulders is the most favourable microhabitat for M. edulis growth. This may be due to better feeding conditions and less overgrowth by macroalgae. If so, migration of M. edulis from other parts of the boulders to the upper part may contribute to the high biomass of M. edulis found there.
The highest biomass of Balanus improvisus was found in the lower and middle positions of waveexposed boulders, where the biomass of other taxa was low. A negative impact on B. improvisus from macroalgae, to due, e.g., overgrowth, may explain the lower B. improvisus biomass on the parts of boulders with a high biomass of macroalgae. This mechanism has been described elsewhere (e.g. Underwood 1985 and references therein), and, in the Askö area, it was found that, although B. improvisus settled on most surfaces, they were later overgrown by macroalgae on the more horizontal parts (S. Qvarfordt & H. Kautsky unpubl. data cited in Qvarfordt 2006) . A competitive relationship, with Mytilus edulis being a stronger competitor for space than B. improvisus, was observed, e.g., by Harms & Anger (1983) and Dürr & Wahl (2004) . The differences in the biomasses of M. edulis and B. improvisus on the sides of wave-exposed boulders, as found in the present study, may be due to competition for space be tween the 2 species.
Excluding the barnacle Balanus improvisus and the blue mussel Mytilus edulis, the taxa Hydrobia spp., Cerastoderma glaucum/Parvicardium hauniense, Theodoxus fluviatilis and Gammarus spp. had the highest animal biomass values on both the wave-exposed and sheltered boulders. For the most part, the biomass of mobile invertebrates reflected that of macroalgae; this may be due to the enlarged surface area for settlement and the shelter from predators, as well as the food resources provided by the macroalgae (e.g. Kotta & Orav 2001 , Orav-Kotta & Kotta 2004 ).
In conclusion, the present study shows that the relative position, with differences in substrate slope and light conditions, influences small-scale spatial patterns in benthic community composition, probably through both settlement and post-settlement processes. These results imply that substrate slope should be taken into consideration in the design of benthic monitoring programs and in predictive modelling of species distribution. 
